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The Production o f R adiation and Ionization from Helium A tom s by Potassium Positive Ions The production of ionization and radiation by collision of relatively slow positive ions with neutral atoms constitutes a less completely explored field of investigation than that of the absorption of ions by scattering, neutralization, and retardation. Many of the apparent discrepancies among the earlier results of investigations of the disappearance of ions from a beam on passing through a gas have now been reconciled by an appreciation of the important part played by the geometry of the apparatus, but as regards the production of ionization and radiation by slow positive ions many of the results are still somewhat conflicting.* Investigations of this problem are beset with difficulties because of the relative inefficiency of the process and the necessity of eliminating the effects of other pro cesses of a comparable order of magnitude.
Experiments on the ionization of the rare gases by alkali metal positive ions, some of which include the ionization of helium by K+ ions, have been carried out by Sutton, Mouzon, and Beeck,* and by Frische,'f and Nordmeyer.J The method employed in all these investigations con sisted in the measurement of the current due to the electrons produced in the gas by the positive ions, the electrons being driven to the collector by an electric field which urged them in the opposite direction to that in which the beam of positive ions was travellingD uring the course of the present experiments accounts of two other investigations bearing on the subject have been published by Holzer,|| and Varney. H Holzer claims to have detected light excitation setting in when 200 volt potassium ions bombard helium atoms, but he does not give any particulars as to the spectrum of the light detected. Varney investigated the ionization produced by alkali metal positive ions in various gases using a balanced space charge method, i.e., the detection of ionization depended on the influence of the newly formed positive ions on a space charge limited electron current. The method is not therefore open to the objection that the effects detected may be caused by photoelectrically active radiation or by secondary electrons, both of which factors contribute to the currents measured in the method indicated above. Varney found no evidence of the production of ionization in helium by any of the ions for values of the accelerating voltage up to 530.
The available evidence in regard to the ionization of helium by potas sium positive ions is conflicting both as regards the voltage at which the effect begins and as regards the extent of the ionization when it does set in.
D escription of A ppa r a t u s a n d M ethod
The experimental arrangement ultimately employed in the present investigation is shown diagrammatically in fig. 1 , which gives a section of the apparatus in elevation. The electrode system was set up in a pyrex tube of the form shown, the upper part being divided into three compartments by two internal seals Kx and K 2. The space between these seals communicated by a wide tube Tx with a mercury diffusion pump, a tap of wide bore enabling the apparatus to be shut off from the pump when desired, and a liquid air trap preventing mercury vapour from the • * * § pump passing into the apparatus. A tube T 2 perpendicular to the plane of the diagram served as inlet for the helium which was kept continually circulating through the apparatus, and which entered at T 2 from a series of charcoal tubes immersed in liquid air. A tap between the charcoal tubes and T 2 enabled the apparatus to be completely shut off when desired. The helium was pumped off at Tx and passed from the low vacuum side of the mercury vapour pump back again to the purifying tubes to enter the apparatus again. A storage bulb of helium with two taps enabled a fresh supply of the gas to be admitted to the circulating system when required, and the helium thus admitted could be purified by repeated circulation through the charcoal tubes without passing through the main experimental tube.
The electrode system was as follows. An electrically heated filament F consisting of a strip of platinum coated with a mixture of the oxides of potassium, aluminium, and silicon, and carried on a ground glass joint J to facilitate removal for the frequent recoatings that were necessary, was mounted horizontally with its length perpendicular to the plane of the diagram. Below this, and at a distance of 1 • 5 to 2 mm from it was a nickel electrode A, of the form indicated, with a slit Sx 5 mm by 0 • 5 mm cut centrally in the horizontal top. This slit and all others were mounted with their lengths perpendicular to the plane of the diagram. The cylin drical tube part of electrode A, and the similar part of electrode B below, enabled internal seals to be effected by nickel-tungsten-pyrex seals with the electrodes themselves. These cylindrical parts were 8 mm in diameter and 7 mm in length. Electrode B was provided with a slit S2 (not marked in fig. 1 ) exactly similar to Sx and from this slit a channel of the same cross-section and of length 3 cm extended upwards. Below B and at a distance of 3 mm from it was a plane circular electrode C fitting the pyrex tube and having a third similar slit S3 (also not marked). A fourth electrode D situated just where the vertical tube merged into the horizontal tube was provided with a slit S4 of larger dimensions than the other slits-1 -5 cm by 4 mm. In the lower vertical part of the tube, in line with the filament and slit system, was a deep cylindrical electrode E2 with an elliptical plate electrode Ex passing up into the lower part of the cylinder as shown. In the horizontal arms of the pyrex tube plane circular electrodes Px and P2 were mounted, each being 3 ■ 4 cm from the vertical line through the slit system. An additional electrode G of the form shown, was mounted in front of P2 and 2 mm from it. The part of this electrode immediately in front of P 2 was of fine nickel gauze. All the electrodes except the filament were of nickel welded to tungsten leads for sealing through the pyrex tube.
In an earlier form of apparatus employed the electrodes A and B were made exactly similar to one another and were sealed into the tube with the cylindrical portion of each directed downwards as in A of fig. 1 . The long channel part of electrode B, and the electrode C were not used in this apparatus. This arrangement of electrodes was, however, found not to collimate the positive ion beam satisfactorily and was ultimately abandoned in favour of the arrangement shown in fig. 1 . In the earlier experiments the coated platinum strip was not used as a source of positive ions but instead a heated tungsten strip was employed, and potassium atoms vaporized from a side tube connected to the upper part of the apparatus and containing potassium distilled in vacuo, were converted to positive ions on striking the positively charged tungsten strip. The method was abandoned because of the difficulty of completely preventing potassium vapour from passing into the lower part of the apparatus and causing trouble by giving rise to spurious photoelectric currents in the region where the ionization by the positive ions was being investigated. While this source of positive ions was employed it was found to be essential to work in a completely darkened room on account of the photoelectric difficulty.
The currents necessary for heating the filament were obtained from the secondary of a suitable transformer, the secondary being carefully insulated from the primary and thus enabling F to be maintained at any desired potential with respect to earth. A water cooling device was arranged round the ground joint J. The electric fields were so arranged that a beam of positive ions was directed from the filament down through the slit system, the energy of the ions being varied by means of either the potential difference Vx between F and A, or the potential difference V3 between B and C. The potential differences V2 between A and B, and V4 between C and D, were kept constant and directed positive ions downward. V4 was always about 18 volts, and V2 either 20 or 40 volts. The purpose of the electrode D with its wider slit S4, maintained always at a negative potential with respect to C, was to prevent the escape of electrons liberated from the edges of the slit S3 into the lower part of the apparatus. By having slit S4 of larger dimensions than the other slits the likelihood of electrons being liberated from the edges of this slit and passing down with the positive ions was minimized. The electrode Ex was maintained at the same potential as D and served as the collector of the positive ion beam passing down the tube. The cylinder E 2 was kept at 18 volts positive to Ex to collect any secondary electrons that might be liberated by the positive ion beam striking Ex and prevent their escaping into the middle portion of the apparatus. A sensitive galvanometer was connected so as to measure the positive ion current to Ex and E 2 together.
The arrangement of internal seals and the slit system made it possible to have a much larger pressure of gas below S3 than existed in the region between S4 and S2 when the gas circulation was in operation. Most of the encounters between positive ions and gas atoms would therefore occur below D, and by means of a directing potential difference between P4 and G the magnitude of any ionization current produced in this space could be investigated by collecting the resulting electrons. The purpose of the electrode G was to enable a discrimination to be made between a . A. C. Davies current due to ionization and a current due to photoelectrons liberated by any radiation that might be produced. The actual collecting electrode was P2 which was connected to one pair of quadrants of a sensitive electrometer, and through a high resistance leak to earth so that currents could be measured by a steady deflexion method with a compensating arrangement. In all the later work when the apparatus shown in fig. 1 was used, the electrodes B and C were connected to the positive and nega tive terminals respectively of a generator capable of giving a voltage up to 3000. The battery supplying the potential difference Vx provided only 600 volts, so that for all the higher voltages the main part of the energy of the positive ions was acquired between B and C, only a short distance before the ions entered the space where ionization was under investiga tion. Preliminary experiments were made to determine the most suitable arrangement for the potentials of Px, G, and P 2 relatively to D and the collectors Ex and E 2. It was found most satisfactory to keep G at the same potential as D, and Ex, and this plan was adopted in all the later work.
When making the observations the gas was circulating through the system by the action of the mercury vapour pump. By means of two McLeod gauges which were connected through liquid air traps as near as possible to the taps, which enabled the apparatus to be shut off at T2 on the inlet side, and at Tx on the outlet side, it was possible to estimate the pressure of helium in the actual ionization chamber during the circu lation.
E xperim ental R esults
It has already been mentioned that, with the original form of the apparatus, trouble was experienced owing to positive ions from the beam reaching the plate P2. This was ultimately traced to reflexion from the sides of the cylindrical part of electrode B which was directed downwards in this apparatus. The fact that the positive ion beam was thus not being successfully collimated involved also that the precautions taken to prevent the escape of electrons from the edges of slit S4 into the ionization space were ineffective. With the apparatus modified to the form of fig. 1 both these difficulties were successfully overcome. It was originally intended that the electrodes D, Ex, and Px should be maintained at the same potential, and that G should be positive with respect to all of these, thus tending to draw all electrons produced in the path of the beam by ioniza tion of the gas towards G and subsequently towards P2, relying on the positive potential of E2 with respect to Ex to prevent electrons liberated from Ex by positive ion bombardment from escaping and possibly reaching P 2. It was found, however, that electrons arising in this way could only be satisfactorily eliminated by never allowing G to be positive to either E± or E 2. Therefore as has already been stated, D, El5 and G were maintained at the same potential.
Positive ion currents to the collector Ex as large as 4 x 10-7 amp were obtainable with the original form of apparatus, with currents of 2 x 10~3 amp and about 2-5 X 10-5 amp to the electrodes A and B respectively, when was about 480 volts. With the apparatus as in fig. 1 , and with the tungsten strip filament and potassium vapour, the positive ion currents to Ex and E2 were smaller, a set of values for comparison with the above being 1 -3 x 10 3 amp to A, 5 -4 x 10~5 amp to B, and 1 -25 x 10~8 amp to Ej and E 2 together. Currents to Ex and E 2 four or five times as large could be obtained but it was generally more satisfactory to work with beams of the order of 10~8 amp. When the coated platinum filament was used as a source of positive ions the magnitude of the beam to Ex and E2 was usually of the order of 2 x 10-9 amp to 5 x 10~9 amp. Larger beams could be obtained for short periods by overrunning the filament. The quadrant electrometer used in conjunction with a xylol alcohol resistance had a sensitiveness which varied slightly from time to time but which was always of the order of 8 x 10~14 amp per cm deflexion. An electrometer current amounting to about 10-5 of the positive ion beam traversing the ionization space was therefore easily detectable. Owing however to the necessity of allowing for a small diurnal variation of the electrometer zero, it is estimated that an amount equal to 5 x 10~5 is the magnitude of the ratio of ionization current to positive ion beam which has been taken to indicate convincingly the beginning of a genuine electron current.
With the electrodes D, G, and Ex 18 volts negative to P2 which was at zero potential, and with Px at -40 volts, experiments at different gas pressures from the highest obtainable vacuum up to about 0-10 mm estab lished that an electron current to P 2 began to be detectable at about 450 volts, and increased as the energy of the ions increased at a constant gas pressure, and as the pressure increased for a constant value of the voltage. As the currents were very small in comparison with the positive ion beam it seemed desirable to try the effect of larger directing fields across the ionization space, i.e., between Px and G. The voltage between these electrodes was therefore increased by steps up to 220 volts while the energy of the positive ions was kept constant by 1700 volts, and it was found that the electron current to the electrometer increased steadily with this voltage and was still increasing at 220 volts. This variation is illustrated in fig. 2 . The increase could not be attributed to ionization As regards the photoelectrons, if any such are produced and contribute to the measured current, only some of them can pass across to G while some will certainly go to the electrodes D and E 2 whatever the negative potential of Px with respect to these electrodes. As regards the electrons which may originate along the track of the positive ions, if these are ejected with zero velocity they will tend to move in a horizontal direction towards G under the influence of the potential difference between Px and G rather than upwards towards D or downwards towards E^ For the smaller values of V it is possible that some of the electrons originating along the track of the positive ions will be pulled towards E 2. If the ionization effect predominates one would therefore expect an increase oi the measured current to P 2 with increase of the potential difference V, and one would expect the current eventually to approximate to a satura tion value when all the electrons are drawn out by the transverse electric field. On this view the results shown in fig. 2 suggest that the greater part of the current measured for the larger values of V is due to electrons resulting from ionization rather than from photoelectrically active radia tion. The procedure adopted in obtaining a measure of the electrometer current due to electrons originating either from Px or by ionization by encounters of potassium ions with helium atoms, as a fraction of the positive ion beam to the collectors Ej and E2 was as follows. The read ings of the electrometer scale, and of the scale of the galvanometer measuring the total positive ion current to Ex and E2 were first taken with all the voltages on and with the filament cold,* and with and G at the same potential about 18 volts negative to P2. A potential difference of 100 or 200 volts was then applied between Px and G in such a direction as to drive electrons towards G, and the two scales were again read. There was never any detectable change in the reading of the galvano meter scale, but sometimes very small differences were detected in the reading of the electrometer scale. The corresponding readings were * The procedure was sometimes varied in that the zero values of the electrometer and galvanometer readings were sometimes taken with the filament hot but with Vj zero, either method serving to cut off the positive ion beam.
then taken with the filament hot so that a supply of positive ions was being obtained. In this way the magnitude of the positive ion beam was determined. There was no difference in this quantity whether the poten tial difference V between Pi and G was zero or some other value pro vided this value was not comparable with the total voltage accelerating the positive ions. Denoting the electrometer readings specified as e3, and e4 respectively, the electrometer currents due to the effects of positive ions were therefore taken to be e3-e1} for V zero, and e4-e 2 for V equal to the value employed (say 100 volts). Dividing these by the corresponding differences in the galvanometer readings, and using the appropriate standardization factors, the electrometer current was deter mined as a fraction of the positive ion beam for the two values of V. The difference e3 -eu always corresponded to the flow of electrons to the plate P2 but since no potential difference existed between Pj and G this current cannot reasonably be attributed to ionization produced by the positive ions; as will be shown later there seems good reason for attributing this difference to a photoelectric current from G to P2 caused by radiation produced by the collisions of positive ions with helium atoms.
To allow for such part of any of the measured currents as was due to effects independent of the presence of gas in the tube, the whole procedure indicated above was carried out in vacuo and the corresponding fractions calculated and subtracted from those with helium in circulation. Vacuum effects were detectable for the larger values of the positive ion energy but were generally very small in comparison with the gas effects. In particular the effect of changing the value of V was much smaller in vacuo though the change was of the same general nature as that occurring with helium in the tube. The vacuum effect was not proportional to the positive ion beam, large increases in the latter causing scarcely any change in the vacuum effect. The procedure described above eliminated any error on this account because the vacuum effect was directly measured in each determination. A definite instance of the order of magnitude of the vacuum effects in relation to the gas effects is given in Table I . The total potential difference accelerating the positive ions was 2000 volts for the instance quoted, and the positive ion beam was 1 • 1 x 10-9 amp.
For the larger positive ion beams which were usually employed when measurements at lower pressures were taken, the values of the ratio for the vacuum effects were considerably smaller.
It has been stated above that the electron current to P2when V was zero was attributable to the production of a photoelectrically active radiation by collision of the positive ions with the neutral atoms of helium. The evidence for this conclusion is as follows. In the first place when the potential difference between G and P2 was reversed, all other fields remaining unchanged and V being zero, the current measured by the electrometer changed sign. In the second place the ratio measured for V equal to zero under similar conditions of voltage and gas pressure was larger when the tungsten filament and potassium vapour were used to supply the positive ions than when the coated filament was employed. This was due to the fact that the electrodes G and P2 and the glass walls had become contaminated with potassium and yielded photoelectrons more copiously. That the effect was dependent upon the presence of helium and was not due to radiation produced by bombardment of the electrodes was evident from the way in which the magnitude of the effect varied as the pressure of the gas was increased. This is illustrated in Table I and is further evidenced by the following figures for measurements 1 0 0 ................................... . 5-65 X 10-3 5-40 X 10-4 5-11 x l0~3 V = 0 ... ...................................... 1-63 X 10-3 2-74 X 10-4 1 -36 X lO"8 Difference . ............................... 4 02 x IQ-3 2-66 x 10~4 3-75 X IQ-3 when the total voltage accelerating the positive ions was 2800. The difference between the vacuum and gas ratios for V equal to zero when the pressure was 0-02 mm was 5-7 x 10-4 while the corresponding difference when the pressure was 0-084 mm amounted to 2-57 x 10"3.
A direct proof that ionization by collision as well as excitation of radiation results from the encounters of the potassium ions with helium atoms, was obtained by certain modifications of the arrangement of the electric fields. The potential difference between G and P 2 was left unchanged, i . e . ,i t tended to drive electrons from G to P2, but the direction of V was changed so that the newly formed positive ions if any such were produced by ionization, would be urged towards G. As V was varied from zero up to 100 volts the electron current measured by the electro meter decreased below the value measured with V zero and ultimately gave place to a positive ion current which was considerably larger than the original negative current by the time V attained the value of 100 volts. That the measured positive ion current to P2 was not due to the main positive ion beam being deflected was checked by repeating the observa tions in vacuo.
Potential differences V of both signs were subsequently tried with both directions of the potential difference between G and P 2. With V equal to zero the electrometer current was always that to be expected if a photoelectrically active radiation liberated electrons from G and P2. When V was increased the electrometer current increased if V were similarly directed to the potential difference between G and P2, while when V was oppositely directed the electrometer current decreased and ultimately changed sign as V was increased. This is readily explicable if ionization and radiation are both produced, but does not admit of explanation if only radiation is produced. It may be claimed therefore that the experi ments have established that both radiation and ionization result from the collisions of potassium positive ions and helium atoms.
In figs. 3 and 4 curves are given which are based on all the observations which have been taken with the apparatus shown in fig. 1 . The quantities plotted are, as ordinate, the ratio of the electrometer current to the positive ion beam for V = 110 volts, corrected to allow for the vacuum effect and scaled to a constant pressure of 1 mm, against the total voltage accelerating the positive ions as abscissa. The potential difference between G and P 2 was constant throughout with G 18 volts negative to P2. In making the observations the pressure was deliberately given different values in different experiments, and in scaling up, the ratio for different pressures under constant voltage conditions was taken to be proportional to the pressure. That this procedure was justified is shown by the approximate equality of the values in the third column of Table II , in which some results are given for positive ions accelerated by 1850 volts. The value of V employed when these particular measure ments were taken was 100 volts. Although many of the measurements were actually made with V = 110 volts, some series of observations were taken with different values of V, for example 70 volts, 170 volts, 220 volts, and 344 volts. In using these series of observations for inclusion in figs. 3 and 4 the results presented in fig. 2 have been employed in scaling the actual measured values so as to correspond to the arbitrary value V = 110 volts. It was, of course, not possible in any one run to obtain precise measures of the ratio for very many values of the energy of the positive ions. Sometimes values for a few points distributed at wide voltage intervals were taken in one run, while sometimes runs of points at closer voltage intervals over a more limited range were taken. In drawing the curves through the assembly of points preference has been given to those representing sequences of observations at widely distributed voltage intervals on the same occasions. In fig. 3 the observations between 400 volts and 1600 volts have been used and the curve drawn. In fig. 4 400 volts to 3250 volts. The part of this curve up to 1600 volts is simply the curve of fig. 3 drawn on a different scale, and the individual observa tions below 1500 volts are not all marked again so as to avoid confusion. Above 1500 volts the individual observations are shown. The distribu tion of the points about the curve may be taken as an indication of the extent to which the scaling up of the observations to a fixed value of V and a fixed pressure was justified. The points marked on the curves cover a pressure range from 0 003 mm to 0-084 mm. The curves make it clear that the beginning of measurable ionization plus radiation effects is gradual and occurs at about 450 volts total potential difference accelerating the positive ions. It is not claimed that 450 volts is a critical potential for the production of radiation or ioniza- be tending for large values of V. If this is taken as 16, and if the difference between ratios measured with V equal to zero and with V having any positive value is all due to ionization, a value of 46 x 10-1 is obtained for the ratio of ionization current to positive ion beam for 3000 volt ions in helium at 1 mm pressure, and a value of 2-43 x 10-2 for 750 volt ions.
On the hypothesis that the saturation value to which the electrometer current tends as V is increased corresponds to the collection of all the electrons produced by collision over a length of path of the positive ions equal to the diameter of the circular electrodes Pi and P2, 2-8 cm one obtains a value of 8-7 x 10~3 ion pairs per potassium ion per cm of path at 1 mm pressure at 750 volts, and a corresponding value of 2-31 x 10-1 at 3000 volts.*
D iscussio n of R esults
The evidence in regard to the ionizationf of helium by potassium positive ions is perhaps most easily summarized in Table III . It seems impossible to reconcile the results of Sutton and Mouzon with any of the results of other investigations since the difference cannot be attributed to greater sensitiveness of the method. Some measure of consistency may, however, be found in the results of other investigations in * It is obvious that these values can only be approximate estimates, since the grid G will intercept some o f the electrons, but as the wires of the grid were fine in com parison with the spaces it is unlikely that a very large proportion of the electrons were intercepted in this way. t All the results except those of Varney include radiation effects as well as ioniza tion.
regard to the beginning of ionization. The negative results of Beeck below 500 volts may be attributed to the fact that his experimental arrangement was less sensitive than that of either Frische or the writer, and it is possible that a similar explanation accounts for Varney's negative result also. Varney has not given any precise indication of the limit of sensitiveness but has expressed the view that his arrangement was more sensitive than that of Beeck and Mouzon, and the fact that with the ions K+, Rb+, and Cs+ in argon, krypton, and xenon he detected ionization at voltages somewhat lower than those reported by Beeck and Mouzon supports this view. As, however, the minimum effect detectable in Beeck's experiments was definitely higher than in the experiments of Frische and of the writer, the negative results of Varney and Beeck do not seriously conflict with the positive results in the last two columns of Table III . While the results of Frische and the writer seem to agree in suggesting that ionization begins somewhere in the neighbourhood of 400-450 volts, there is a considerable discrepancy in regard to the efficiency found in the two cases particularly at the earlier stages. It is difficult to account for this since the ranges of pressures employed in the two investigations seem comparable. In Frische's published curve for the ionization of helium by potassium ions, seven points are shown cover ing the region up to 4000 volts, and these points lie on a straight line thus indicating something quite different to that shown in figs. 3 and 4 of this paper. Frische himself says that the accuracy of his values for helium is considerably less than that of values given for other gases, but it is difficult even so to reconcile the two results. The main respect in which the two experimental arrangements differ is in the method of collecting the electrons resulting from ionization, namely by an electric field in the reverse direction to the path of the positive ion beam in Frische's experi ments, and by a field transverse to the beam in the present experiments. This distinction involves a difference in the relative importance of currents due to secondary electrons and the currents due to ionization in the two arrangements, the secondary electron effect being relatively much larger in the former case. In this connexion it is interesting to compare the results of Beeck, Frische, and Nordmeyer ( cit.), on the ionization of argon by potassium positive ions. In Beeck's and Frische's experiments the collecting field for the electrons was in the reverse direction to the path of the positive ions, while in Nordmeyer's experiments it was a transverse radial field. The results of the experiments differ in that Nordmeyer detected the beginning of ionization at 75 volts, some 20 volts lower than the other investigators, a fact probably attributable to greater sensitiveness of his detecting arrangement, and also-and of greater importance-that above the voltage at which ionization was detected in Beeck's and in Frische's experiments, Nordmeyer's value for the efficiency of ionization is consistently lower than the other two, which agree well among themselves. Nordmeyer's value at 1000 volts is comparable with Beeck's and Frische's value at about 350 volts. Nord meyer has shown that with his experimental arrangement the ratio of electron current to positive ion beam did not vary in a linear manner with pressure at a constant voltage above a pressure of 10~3 mm, but increased much more rapidly. Fie attributes this to the fact that at higher pressures s/Xp < 1 was not fulfilled, where s -length of path from which electrons are being collected and XP is the mean free path of the ion in the gas at the pressure employed. Owing to differences in the value of s in the different experimental arrangements it does not follow that the linear relationship would break down in Frische's and Beeck's experiments at the same pressure as Nordmeyer found to be the limit with his arrangement, and Beeck definitely claims that the range of pressures he employed was such that the ions would not on the average make more than one collision in the ionization space. In view of the difference in the relative importance of secondary electrons in the two types of experimental arrangement it is, however, worth while con sidering whether even within a pressure range satisfying this condition, there are not possibilities which may account for the discrepancy in the results obtained.
The maximum kinetic energy which a moving ion of mass M can transfer to an atom of mass m at rest is 4Mm/(M + rrif of its own kinetic energy. In the case of potassium ions in helium this fraction has the value 0-34 approximately. Therefore as the result of collisions of potassium ions with helium atoms some of the latter might have kinetic energies corresponding to 0-34 V, where V is the voltage accelerating the potassium ions. It has been shown by Brasefield* and by Rostagnif that helium atoms can ionize other helium atoms when the energy of the moving atom exceeds that corresponding to about 100 volts. $ Therefore at voltages exceeding about 300 a potassium ion could transfer sufficient kinetic energy to a helium atom on collision to enable it to ionize another helium atom with which it in turn collided. Rostagni has found the efficiency of such ionization to be about 0-15 when the helium atoms have energies corresponding to 200 ion volts, such as could result from collision with potassium atoms at 600 volts. It is clear therefore that the occurrence of ionization by this means may become an important factor as the pressure increases. Apart from this possibility of the actual pro duction of electrons by an ionization process other than that directly under investigation there arises the question of the effect of the fast moving helium atoms in liberating secondary electrons from the electrodes which they strike. Rostagni* has shown that helium atoms have an efficiency comparable with that of helium ions in regard to the liberation of electrons from copper at energies exceeding about 100 ion volts, and that this efficiency is greater than for heavier atoms such as neon and argon. This would mean that unless the efficiency of the helium atom in liberating secondary electrons were the same as that of potassium ions, the correction to observed currents for secondary electron effects could not safely be made by assuming the effect to be constant at all pressures and the same as in vacuo. The error involved on this accou clearly be greater the larger the contribution of secondary electrons to the total measured current, and would be involved at pressures which were still too low to enable ionization of the helium by projected helium atoms to occur. It seems possible that the discrepancies between the results of Frische and those of the writer, and between the results of Beeck and Frische and those of Nordmeyer are at least in part attributable to this kind of effect.
The author wishes to express her thanks to Professor Lord Rutherford for the privilege of working in the Cavendish Laboratory and also to acknowledge her indebtedness to the Government Grant Committee of the Royal Society for the means of purchasing some of the apparatus used in this research.
Summary
The excitation and ionization of neutral helium atoms by a collimated beam of potassium positive ions of controlled energy has been investi gated by applying an electric field transversely to the positive ion beam to drive electrons resulting from collisions to a collecting electrode. The usual method was employed for discriminating between electrons result ing from ionization by collision, and electrons arising photoelectrically from electrodes by radiation produced by collision of potassium ions and helium atoms. Both radiation and ionization were found to be produced and their combined effect began to be detectable at about 450 * ' Nuovo Cim.,' vol. 11, p. 99 (1934) .
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volts. The results indicate a much smaller production of ionization than has been recorded by previous investigators, particularly at low voltages. Possible causes of the discrepancies among the results of different investi gators are discussed. An estimate from the present experiments of the number of electrons produced per potassium ion per cm of path at 1 mm pressure by 750 volt ions is 8 • 7 x 10~~3, and by 3000 volt ions is 2 • 3 x 10_1. 
The Emission

In t r o d u c t io n
The most probable electron configuration of the lighter diatomic molecules and the order of their electronic binding have been determined by Mulliken,* but no such systematic scheme has yet been formulated for the heavier molecules. The reason for this is not far to seek. The molecules whose structure can best be interpreted theoretically are H 2 and He2, and with these providing a secure foundation the successive addition of single electrons to them has enabled the configuration of the simpler molecules to be determined. This process, similar to the Atombau method used by Bohr, cannot be continued indefinitely as its successful working depends entirely on the existence of suitable molecular data. These are derived mainly from the vibrational and rotational analyses of band spectra and also from ionization potential experiments. At present comparatively few measurements have been made upon the spectra of heavy diatomic molecules and these have been used to provide vibrational analyses only. It is this incompleteness in the observational data that is hindering the construction of a reliable electronic scheme for these molecules.
In building up the configuration of the members of such a series as AuF, HgF, T1F, PbF, and BiF where the atomic number of the metal
